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Abstract 
We propose a concept of microgrid for electric power distribution with lattice topology in which 
every node is interconnected with a number of closest neighbors. Such a toppology directly reflects 
special arrangement of households throughout subdivisions in cities. Each node of the microgrid is 
assumed to be an electric load and possibly a power-delivering inverter simultaneously. We introduce a 
method of local control for the inverters to collectively regulate the voltage and frequency in the 
microgrid. Our control method does not require data communication between the nodes nor is it necessary 
to define a dominant node to act as a central utility. Therefore all inverters remain autonomous at all times. 
We provide numerical simulation results demonstrating stability and controllability of voltage and 
frequency in the microgrid. 
© 2012 Published by Elsevier Ltd. Selection  
Keywords: Microgrid, power inverter, numerical simulation   
1. INTRODUCTION
Our current power system is designed to deliver power from generators to consumers. It also can 
absorb a limited amount power that flows backwards. However, ever-increasing local power sources in 
modern society, like solar houses, now are challenging our current system. [1] When there is a large 
amount power generated by local power sources that are becoming significant to our system, it will easily 
result in a phenomenon called unintentional island. Local power sources will overshadow utilities to 
control and regulate the frequency and voltage parameters in the system when this phenomenon happens. 
Island is prohibited in our current system. The Electrical and Electronics Engineers (IEEE) standard [2] 
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requires it to be shut down immediately whenever the distributed energy resource equipment detects an 
occurrence of unintentional islanding.  
However, when we take a look at this phenomenon from another angle, we consider this ability of 
self-controlling parameters as beneficial. To generate power wherever it is needed and not depend on 
centralized utilities. The concept of Microgrid is mentioned in the past few years. [3] In this paper, we 
create a MATLAB® model for a microgrid as an island or with weak mains (Non-IEEE1547) which is 
built by some non-communication and island-capable inverters with certain control system applied. 
Inverters will be distributed with a lattice topology in the microgrid. All inverters will be equally 
important without anyone in charge of the grid. We will show the simulation result that these inverters are 
all autonomous. A stability analysis will also be simulated to demonstrate that parameters like frequency 
and voltage will be well controlled in this microgrid. 
2. SINGLE INVERTER NODE ANALYSIS 
2.1 MATLAB®  Model for Single Node 
A common mathematical model for every node in the grid will be presented in this paper. [4] Every 
node is considered as a local power source which will have two main parts: the model for parts able to 
absorb and deliver power, and the model for home appliances. So, every node could be considered as an 
island-capable inverter, added with a RLC load circuit as these home appliances. See figure 1. Noted that 
the voltage and frequency of power in the system are regulated in order to maintain the frequency around 
60Hz and voltage around 120volts RMS; control systems will be implemented in the grid for every node. 
Figure 1: Circuit Schematic of Single Inverter Node 
Active inverter node: the main part of the inverter node is an oscillator that has its free-running 
frequency and voltage characteristics. This means that every node remains autonomous and will be able to 
have a static frequency and voltage without connecting to the grid. A phase lock loop circuit in the model 
will be able to synchronize these parameters with the rest of other nodes in the grid. [5] The phase lock 
loop will have three parts: a phase detector (PD), a low pass filter (LPF) and a voltage controlled 
oscillator (VCO). Equation (1) describes the differential equation of PD and LPF. Equation (2) describes 
the VCO system. X in equation (3) is the output of PLL system. v is the voltage input of VCO. 
)(*)()()( txtutv
dt
tdv
T c=+                 
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td += πθ
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)cos(* θAX =         (3) 
RLC load: This load model would be the sum of all home appliances in the house, so the load is no 
longer a pure resistor but a combination of a resistor, an inductor and a capacitor.  The value of each 
component will be calculated based on the real power level (P) and reactive power level (Q) in the node. 
The differential equation for current and voltage of the load is shown as equation (4) and equation (5).  
dt
d
CIrI c
u+=
        
(4) 
384  Wei Wu and Andy G. Lozowski / Procedia Computer Science 8 (2012) 382 – 387
 Wei Wu, Andy Lozowski/ ProcediaComputer Science 00 (2012) 000–000  
dt
dIr
LRIr +=cu
        
(5) 
Control system: A peak detector model will be added to limit the magnitude of signal flow into the 
inverter system. A frequency regulator will have to be applied to control the frequency within an 
acceptable range.  There will be another PLL system in the frequency regulator as a frequency reference. 
[6] A voltage regulator will be included to maintain the voltage magnitude as well.  
In summary, the mathematical model for a single node will essentially have several parts. Figure 2 
shows the system block of a single node. 
Figure 2: System Block of Single Inverter Node 
2.2 Identification of Inverter-load Interaction : 
In order to find the interaction between inverter and load, we will simulate the single node with 
different loads applied without regulators. [7] The RLC values of each load will be calculated based on 
the power level of appliances. Consider the power level of all the appliances will stay in a range: real 
power (P) from 0 to 3.6kw, the reactive power (Q) range from -3.6 to +3.6Kvar. Table 1 list the 
simulation result in MATLAB®. The upper values in each cell refer to the frequency values and the 
bottom ones refer to the RMS voltages that cross the load. Notice that the RLC load influences the 
frequency and voltage parameters of the node. The RMS voltage varies from 60 volts to 976.5 volts and 
frequency varies from 12.79Hz to 102 Hz. 
Table 1 Simulation data 
      P(Kw) 
Q(Kvar) 
3.6 1.8 0.9 0.01 
3.6 95.24 
454.6 
100 
420.6 
101 
411.9 
102 
408.4 
1.8 83.33 
295.1 
95.24 
227.3 
100 
210.3 
102 
204.2 
0 59.52 
240.0 
59.52 
120.0 
59.52 
60.0 
59.52 
0.0014 
-1.8 44.84 
279.1 
36.9 
201.2 
28 
213.0 
12.85 
488.2 
-2.7 40.32 
331.1 
31.95 
298.2 
22.94 
380.3 
12.82 
733.3 
-3.6 37.07 
402.6 
28 
425.6 
21 
497.4 
12.79 
976.5 
If we plot data in table 1 in groups of same real power level when reactive power equal to -3.6,-2.7,-
1.8, 0, 1.8, 3.6Kvar respectively, we will get a graph in Figure 3(a). The further most right line refers to 
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the nodes when real power is 3.6kw and it decreases as it moves left. The figure shows when reactive 
power is positive, the frequency of the node raises to higher than 60Hz; when reactive power is negative, 
the frequency of the node drops to lower than 60Hz; when there is no reactive power involved, the 
frequency stays at 60Hz as we expected. 
We also could plot data in groups of reactive power level, which means the real power varies when 
the reactive power stays the same. See Figure 3(b). The data line on the top refers to the reactive power 
equal to +3.6kvar with the real power varying from 0 to 3.6kw. The reactive power decreases when the 
data line goes to the bottom. It shows when the real power starts increasing; the voltage of load starts 
dropping. 
Figure 3: (a) Plots of Same Real Power; (b) Plots of Same Reactive Power  
3. INVERTER NODES BASED GRID ANALYSIS  
The electrical grid in this project will have all the nodes simulated as distributed resources that will 
contribute energy to the system. The grid should have the ability to remain stable when added with new 
nodes. Furthermore, when some nodes are going “off line,” the fact should not impact the whole grid too 
much. The grid should still be stable, which means the frequency and voltage parameter should not have a 
sudden change. Figure 4 shows an example schematic for a microgrid. Figure 5 shows these inverter 
nodes in MATLAB® matrix form. 
Figure 4: Microgrid Schematic for 16 Houses   Figure 5:  4x4 Nodes Matrix Block Diagrams 
3.1 MATLAB® Model for Grid 
Taking a five-node system as an example, Figure 6 shows the system level analysis of Node (x, y). 
There are four nodes connecting to it through a transmission line. X and Y parameters refer to the node 
location, for example, Node (x, y+1) indicates the node is on the right of Node(x, y). Four impedances 
variables are connected to Node(x, y) to simulate the impedance of transmission lines. We assume the 
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current flows from the lower location numbers to the higher location numbers. Arrows in figure 6 refer to 
the current flow in the model.  
    
Figure 6: Five Nodes Grid RLC Circuits  Figure 7: Three Nodes Grid Block Diagrams 
The circuit schematic could be extracted from the system block in Figure 6 based on the single 
model that we already have.  In the Figure7, five inverter nodes are given. They represent Node(x, y) and 
the other four nodes in figure 6. Components Rt, Lt are transmission line impedances between two 
connected nodes. Arrow shows the currents are flowing through the transmission lines. To analysis the 
grid, we take “A” point in Node(x, y) for example. There are five currents flow through point “A”: Output 
current of inverter I1, currents flow between Node(x, y) and others. Equation (6) describes the current 
flow in point A. Equation (7) indicates the differential equation of impedance in transmission lines.  
dt
d
CtItItItItIrI y) c(x,
u
143211 +++++=
      
(6) 
dt
dIt
LtItRt
111*1uu 1)c(xyc(xy) +=− +       
(7) 
3.2 MATLAB®  Simulation Results 
3.2.1 Grid Behaviour with Standard Loads 
Once loads for every house are different in the grid, there will be currents flow between houses. We 
assume RLC values of loads are in certain distribution. The result of 16 nodes is shown in Figure 8 below 
with loads in uniform distribution. They are voltages crossing the load capacitor. From Figure 8, it clearly 
shows that 16 nodes are synchronized with each other successfully. Although in the beginning the 
voltages and phase do not stay at the right peak value, they are reduced to around 170volts successfully 
after awhile with the help of regulators. 
                                
Figure 8: Voltage of 16 Nodes: (a). Initial start;   (b). Synchronized 
3.2.2 Grid Behaviour with Unusual Situation 
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The grid should also have the ability to deal with unusual situations, such as an open node scenario 
and short node scenario. A figure 9 shows the plot of capacitor voltage of RLC loads in all 16 houses with 
one load open. It shows that all the nodes are synchronized with each other. The open node in the grid 
does not affect the stability of the grid system. The frequency of system goes to 59.95Hz, which is close 
enough to the requirement (60 Hz). However, the voltage of the system stays a little higher than the 
previous simulation result: the peak value is 173.6v (122.75v RMS), but this still in an acceptable range.  
                                       
  Figure 9: Plot with Open Node;      Figure 10: Voltage and Current of Shorted Node;         Figure 11: Plot with Shorted Node.
After proving the stability with an open node existing in the grid, another special condition should 
be considered as well: the short condition. Figure 10 is the current and voltage plots of a shorted node. 
Since the inverter power limitation is not considered in the simulation, the current of the shorted node 
goes to infinite and the voltage crossing the capacitor goes to zero as we expected.  
Figure 11above is the plot of all 16 houses’ voltage signals in the system with one shorted load. We 
can see that there is a straight line of zero, which is the output voltage of the shorted node. The system 
peak voltage is 170volts (RMS value = 120.2volts) as we expected, and the frequency of the system is 
58.82Hz, which is a little lower than the previous value.  However, the error of frequency still stays in the 
acceptable range. The grid is stable when it has a shorted node. 
4. CONCLUSION 
In conclusion, a mathematical model for a microgrid built by autonomous inverters is introduced in 
this paper. A discussion about interactions between inverters and loads are provided as well. It also 
demonstrates that, based on the theory analysis and numerical simulation, inverters in the microgrid will 
be able to synchronize together and collectively regulate the frequency and voltage without 
communicating with each other. It also proved that the grid will be stable even with a short node or an 
open node happening in the group.   
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